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I. INTRODUCTION
The prospect of advanced economies remaining in a deep slump with deflation and policy interest rates constrained by the zero bound has stimulated research into how monetary policy can respond to such risks. 2 This paper seeks to shed light on the topic by focusing on the experience of Japan, a country that entered a liquidity trap in the mid-1990s, and experienced a "Lost Decade" (Hiyashi and Prescott, 2002) of slow growth, deflation, and output persistently below potential (Figure 1 ). 3 Japan's experience has stimulated a lively debate about what went wrong. As Blanchard (2000) notes "this may not be a bad time to assess the lessons from the Japanese full experiment" (Blanchard, 2000, p. 185) . A number of authors attribute much of the economy's disapointing performance to "exceptionally poor monetary policymaking" (Bernanke, 2000, p. 150) . In addition, Kuttner and Posen (2002) find that "Japanese fiscal policy was contractionary over much of the 1990s," and attribute part of the protracted downturn to insufficient fiscal stimulus. However, this paper focuses on the contribution of monetary policy.
What policy was the Bank of Japan following, what "exceptional mistakes" did it make, and what, if anything, could it have done to help avoid the "Lost Decade?" This paper addresses these questions by first investigating whether the Bank of Japan's interest-rate policy is well described by a standard Taylor-type monetary policy reaction function. The empirical analysis is based on a stylized structural model of the Japanese economy with the innovation that the implicit inflation target, and the natural rate of interest-two important parameters for assessing the stance of monetary policy-are allowed to vary over time. Secondly, the paper conducts counterfactual simulations based on the estimated structural model to investigate whether alternative interest-rate policy approaches proposed in the literature could have improved macroeconomic performance. My first finding is that, as in Ahearne et al. (2002) , Japanese interest rates fit a forwardlooking Taylor rule that implicitly targets inflation. A new result is that the implicit inflation target declined from about 2.5 percent in the early 1980s to near 1 percent in the mid-1990s. However, such an emphasis on low inflation was not strikingly unusual at the time. For example, at the 1996 Jackson Hole conference that brought together central bankers and financial market representatives, " [p] articipants at the symposium agreed that low or zero inflation is the appropriate long-run goal for monetary policy" (Kahn, 1996, p.ix) .
Secondly, the estimation results indicate a number of adverse shocks over the 1990s. The natural rate of interest declined sharply in the early 1990s, hampering efforts to stimulate the economy by cutting the policy rate. In addition, contractionary demand shocks characterize the decade. These finding suggests that monetary policy was not the primary cause of the economy's poor performance. However, it does not follow that the Bank could have done nothing more to stabilize the economy.
In the counterfactual analyses, I try the following alternative interest-rate policy rules to see whether they could have helped Japan avoid the deflationary slump: (i) a policy rule with a higher inflation target, as originally suggested by Krugman (1998) ; (ii) a policy rule with a strong response to the output gap; (iii) a policy rule that combines a higher inflation target with a strong response to the output gap; and (iv) a price-level targeting rule along the lines of Eggertsson and Woodford (2003) . The paper builds on existing research by investigating the effectiveness of these policy rules based on the historical series of estimated shocks for Japan during the 1990s and a structural model that displays plausible macroeconomic dynamics.
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The counterfactual simulations suggest that simply raising the inflation target to 4 percent but keeping everything else unchanged would have had only a short-lived positive effect on output. Similarly, a policy of simply responding more aggressively to the output gap while keeping the inflation target at the low estimated level would not have avoided deflation, and would have yielded limited improvement in output performance. Importantly, however, I find that a policy that both raised the inflation target to about 4 percent, and responded more actively to the output gap would have provided substantial support to output and avoided deflation. Finally, I find that a price-level targeting rule would have provided superior stabilization results.
An important consideration regarding the potential effectiveness of these alternative policy proposals is how to ensure that the associated policy announcements are believed.
A number of existing studies analyze what actions the authorities can take to "demonstrate resolve," and strengthen the credibily of their policy announcements.
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The analysis in this paper appeals to this literature, and assumes that the authorities have already established a sufficient degree of credibility so that their policy announcements are believed.
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Part 2 of the paper presents estimation results for the structural model used to assess the conduct of monetary policy. Based on the estimated model, Part 3 conducts the counterfactual policy simulations. Part 4 concludes the paper, and considers how the lessons from Japan's experience relate to the current crisis.
II. EMPIRICAL ANALYSIS
In this section, I investigate how the Bank of Japan conducted interest-rate policy as economic conditions deteriorated in the 1990s. Using a Bayesian approach, the section estimates the interest-rate reaction function of the Bank of Japan jointly with a structural model of the economy.
A. Model Specification
The analysis is based on a stylized New Keynesian model that features nominal and real rigidities, and can be summarized by the following three key equations
where x t is the output gap, i.e., the deviation of output from potential, r t is the nominal interest rate, π t is the rate of inflation, and each period, t, corresponds to a quarter.
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The rate of inflation over one quarter is denoted by 1 log( / ) " max " operator indicates that nominal interest rates cannot fall below zero. These equations, with the exception of the zero lower bound on nominal interest rates, represent log-linear approximations of a micro-founded dynamic general-equilibrium model in the spirit of Boivin and Giannoni (2006) , and Smets and Wouters (2007) . Equation (1) is an intertemporal IS equation for aggregate output that reflects the private sector's optimal choice of expenditure and savings. Real output depends negatively on the lagged real interest rate, and positively on past and expected future output, due to habit persistence.
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Coefficient σ represents the intertemporal elasticity of substitution. Following Boivin and Giannoni (2006) , and Woodford (2003) , equation (1) assumes that private-sector expectations are determined on the basis of information available at date t-1, as indicated by the conditional expectations operator E t-1 . The addition of this information lag, together with the presence of habit formation, allows the model to display plausible degrees of output persistence. g t is an exogenous real-demand disturbance that can be interpreted as a government consumption shock, and is assumed to follow an AR (1) The aggregate supply side of the model features nominal rigidities that permit monetary policy to have real effects. In particular, prices are sticky due to Calvo-style rigidities that allow only a fraction of firms re-optimize their prices every period. In addition, following a number of studies, if a price is not re-optimized, it is assumed to be indexed to lagged inflation.
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The resulting inflation dynamics are described by equation (2) in which inflation depends positively on past and future expected inflation, and on the output gap. (3) is a forward-looking Taylor rule that describes the central bank's interest-rate policy. The interest rate responds systematically to deviations of the inflation forecast for average four-quarter inflation from the implicit target, and can also respond explicitly to the output gap. Expectations are conditional on information available in period t−1, in line with the notion that policymakers respond to real-time estimates of the unobserved current-quarter state of the economy. Equation (3) also includes an interest-rate smoothing parameter, r φ , and an exogenous and unanticipated deviation from the policy rule, ε r , which follows a meanzero Normal distribution.
A difference between equation (3) and existing work on Japanese monetary policy is that the implicit inflation target is allowed to vary over time. This possibility of a changing implicit inflation target is supported by recent empirical work. The model is solved using standard methods, and the non-negativity constraint is imposed using the procedure of Reifschneider and Williams (2000) . In particular, the linear model described by equations (1)- (7) is first solved while abstracting from the zero interest rate floor following the approach of Sims (2002) . The zero interest rate floor is then imposed on the model solution following Reifschneider and Williams (2000) by augmenting the nominal interest-rate equation with additive disturbances for the current period and for a finite number of future periods. These disturbances equal zero if the policy rule implies a positive interest rate, and equal the absolute value of the unconstrained rate if the rule implies a negative value. Importantly, this procedure ensures that expectations of the future nominal interest rate cannot be negative up to a finite number of future periods. Details of the solution procedure are provided in the appendix.
B. Model Estimation Bayesian Estimation
The parameters of the model are estimated jointly using Bayesian techniques, using quarterly data for output, inflation, and nominal interest rates for 1981Q3-1995Q4. The sample starts after inflation had declined to 4 percent from the double-digit levels observed in the 1970s. The sample ends in 1995Q4 as interest rates were at or near the zero bound after that date.
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The series for prices is the seasonally-adjusted consumer price index (CPI) excluding fresh food obtained from the Bank of Japan.
14 There were two jumps in the price level in 1989Q2 and in 1997Q2 due to changes in the consumption tax. Since monetary policymakers probably do not respond to purely tax-induced inflation changes, I use the consumption-and tax-adjusted inflation series constructed by the Bank of Japan. To avoid problems associated with using the Hodrick-Prescott filter to estimate the output gap in the case of Japan, as discussed by a number of studies, I use output-gap estimates prepared by Bank of Japan staff using a production-function approach and data on capital and labor (Hara et al., 2006) . The uncollateralized interbank overnight nominal call money rate is assumed to be the instrument that corresponds to the policy rate in the model.
The Bayesian estimation approach outperforms maximum likelihood estimation in small samples, and has the advantage of combining information contained in observable data with prior information regarding the distribution of the parameters. The selection of priors follows the existing literature.
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For the stochastic processes, the standard errors of the innovations are assumed to follow an inverse-gamma distribution which ensures that they are positive. The prior means have loose priors, with standard deviations of two. The prior means for the standard errors of the innovations to * r and * π are one-tenth of those for the other shocks, based on existing studies.
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The persistence of the AR parameter for demand and supply shocks is beta distributed, which ensures that they lie between zero and one, with mean 0.5 and a standard deviation of 0.2. For the * r and * π processes, a more peristent AR parameter is assumed, again based on existing studies. The quarterly long-run natural rate of 13 Sugo and Ueda (2008) use the same sample of analysis.
14 The CPI (excluding fresh food) appears to be the Bank of Japan's preferred price indicator, as suggested by the prominence it receives in the monthly "Statement on Monetary Policy." 15 See, for example, Smets and Wouters (2007) , and Rabanal and Ramirez (2005) who estimate structural models based on U.S. data, and Sugo and Ueda (2008) who estimate a structural model based on Japan data. 16 Laubach and Williams (2003) find that innovations to the natural rate of interest have a standard error that is about one tenth the magnitude of the standard error of the shock to the intertemporal IS equation. They also find that the natural rate of interest process is highly persistent with a persistence parameter close to unity. Similarly, Leigh (2008) finds that, for the United States, the ratio of the innovation to the inflation target and the innovation to the monetary policy rule is about on tenth.
interest is assumed to have a Normal distribution with mean of 0.75 percent per quarter, and standard deviation 0.1. This value corresponds to 3 percent on an annual basis, and is close to the average observed over 1981-1995. 17 The steady-state inflation value for the inflation target, * π , is assumed to have a Normal distribution with a mean of 0.5 percent per quarter (2 percent per annum) and standard deviation of 0.1 percent.
The priors for the interest-rate policy function parameters are based on the Taylor (1993) rule. The long-run reaction to the inflation forecast is assumed to have a Normal distribution with a mean of 1.5 and a standard deviation of 0.125. The output response parameter is assumed to have an inverse-gamma distribution with a mean of 0.125 and a standard deviation of 0.125. A parameter of 0.125 based quarterly interest rates is consistent with a parameter of 0.5 on annual data, as in Taylor (1993) . The interest-rate smoothing parameter is assumed to have a beta distribution with a mean of 0.75, and a standard error of 0.1.
Turning to the structural parameters in the inter-temporal IS and New-Keynesian aggregate supply equations, they are chosen to be consistent with values typically found in the literature. The habit-persistence parameter, γ, is assumed to have a beta distribution with a mean of 0.5. The intertemporal elasticity of substitution, σ, is set at 0.5, and the prior for the Phillips curve slope coefficient, κ, is set at 0.02, based on Eggertsson and Woodford (2003) . The parameter on the degree of price indexation in the New-Keynesian aggregate supply equation has a prior mean of 0.5. The parameter β is fixed at 0.995 in the estimation procedure, in line with Sugo and Ueda (2008) .
To obtain estimation results, the posterior estimates of the vector of parameters, denoted by
is derived by applying standard Bayesian methods.
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The mode of the posterior distribution is estimated by maximizing the log posterior function, which combines the prior information on the parameters with the likelihood of the data. Finally, the posterior distribution of the parameters, including the mean and the 95-percent confidence interval, is obtained using a Metropolis-Hastings algorithm.
Estimation Results

Monetary Policy Parameters
Given the focus of this paper on monetary policy, the disussion starts with the estimated interest-rate reaction function. Table 1 reports the estimated posterior mean, and 95-percent confidence intervals for each parameters, as well as the corresponding prior assumptions. The long-run reaction to inflation, π φ , has an estimated mean of 1.7, and a 95-percent confidence interval greater than one, consistent with a strong emphasis on inflation stabilization. The output gap-stabilization parameter is estimated at 0.09, consistent with a modest degree of output stabilization. In addition, the mean of the interest-rate smoothing coefficient is estimated at 0.7. These results are similar to those obtained in the literature for other central banks, as in Clarida, Gali and Gertler (1997) .
Regarding the implicit inflation target, the results provide evidence of a downward drift in the target from about 2.5 percent in the early 1980s to about 1 percent by 1995. An implicit target of about 1 percent is consistent with available narrative evidence. Eiko Shinotsuka, a member of the policy board of the Bank of Japan said that the "Bank should aim at zero inflation" (Shinotsuka, 2000) except to the extent that there are biases in the measurement of inflation. Shiratsuka (1999) estimates that the measurement bias in CPI inflation in Japan is about 0.9 percent per annum (Shiratsuka, 1999) . Moreover, a recent Bank of Japan publication states: "The 'understanding of medium-to long-term price stability'-reviewed annually in principle and expressed in terms of the year-on-year rate of change in the CPIwas reviewed in April 2009 and falls in the range approximately between 0 and 2 percent, with most Policy Board members' median figures at around 1 percent" (Bank of Japan, May 2009). The finding of a declining path for the implicit inflation target during this period is consistent with findings for other central banks. Table reports Regarding the natural rate of interest, a key element of the policy reaction function, the estimates displayed in Figure 3 suggests that it declined from about 4 percent in the early 1980s to about 1 percent by the mid-1990s. The decline was particularly sharp after 1991, and the estimate is not significantly different from zero by 1995Q4. This sharp decline in the natural rate coincides with the bursting of the asset-price bubble, and could following Curdia and Woodford (2008), and Gertler (2003) , be interpreted as an increase in financial-sector stress.
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The figure also illustrates how a decline in the natural rate complicates the task of easing monetary policy. On average, despite substantial interest-rate cuts the actual real policy rate remained above the natural rate during 1991-1995. 21 20 The decline in the natural rate in the 1990s is broadly consistent with Iwamura, Kudo and Watanabe (2006) , although their estimated path is more jagged. For comparison, the graph also shows the trend of the real interest rate obtained using the Hodrick-Prescott filter with a smoothing parameter of 1600. 21 The actual real policy rate in Figure 3 is the nominal rate minus the rational-expectations inflation forecast generated by the structural model. To measure how well the estimated policy rule fits actual Bank of Japan behavior, Figure 4 plots the actual policy rate along with the estimated target rate, and the 95-percent confidence band. The estimated target interest rate rate differs from fitted policy rate because it implicitly sets the interest-rate smoothing parameter to zero ( 0 = r φ ). For each date, the value of the estimated target rate is based on the reaction-function coefficients, and the model-consistent forecasts of output and inflation. Because the target rate abstracts from interest-rate smoothing, the actual policy rate tends to follow the target with a lag. Such gradualism is particularly noticeable during the boom of the late 1980s.
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After the boom, during 1991-92, the path of the actual policy rate is not significantly different that prescribed by the estimated target.
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After 1992, the policy rate again lags the estimated target. Note that the tendency of the actual rate to lag the target rate, sometimes substantially, is not unique to the Bank of Japan. As Clarida, Gali, and Gertler (1997) report, the Bundesbank displayed a strong degree of policy inertia during the 1980s and 1990s, with the actual interest rate consistently lagging the target rate. Overall, the results suggests that there was nothing "exceptional" about Japanese interest-rate policy during the early 1990s. A new finding is that the implicit inflation target declined to near 1 percent. However, the accepted consensus at the time was that central banks ought to aim for a low inflation level. While the implicit target of 1 percent estimated here for the Bank of Japan might be towards the lower range of what most central bankers in the 1990s regarded as desirable, it was by no means a strikingly unusual objective. Indeed, an even lower inflation rate was seen by some as preferrable. Wim Duisenberg, who was Governor of the central bank of the Netherlands during 1982-1997 said: "In the 16 years that I was the Governor of the central bank of the Netherlands, there were two years in which we had deflation of ½%. I publicly declared then that I lived in a central banker's paradise" (Duisenberg, 2003) . Feldstein (1996) emphasized that a zero target for measured inflation was preferrable than a low but positive target, and estimated that the cost of 2 percent inflation rather than zero inflation amounts to about 1 percent of GDP per year.
Structural Model Parameters
Having discussed the estimation results for monetary policy, the discussion shifts to the remaining parameters of the model. In the IS equation, the intertemporal elasticity of substitution, σ, has an estimated posterior mean of 0.4 which is towards the lower range of estimates in the literature, implying that monetary policy has a relatively modest effect on output.
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The habit-formation parameter, γ, has estimated posterior mean of 0.7, and is significantly greater than the prior of 0.5, implying substantial persistence in expenditure. In the aggregate supply equation, the degree of price indexation has an estimated prior mean of 0.6, and the slope coefficient, κ , has an estimated mean of 0.02, consistent with the estimates for Japan of Sugo and Ueda (2008) . The estimated parameters for the exogenous shock variables are similar to the prior assumptions.
Finally, to assess whether the estimated model displays a plausible degree of output, inflation, and interest-rate persistence, Figure 5 compares the autocorrelation functions based on the estimated model with those found in the actual data. The model tracks the autocorrelation functions of inflation and interest rates closely, but generates less output persistence than implied by the data. 
III. COUNTERFACTUAL ANALYSIS
Having estimated the structural model, I conduct counterfactual exercises to investigate whether alternative interest-rate policy approaches could have helped Japan to improve macroeconomic performance. To permit the 25 Exploring the possible consequences of additional fiscal stimulus is beyond the scope of the paper. 26 The process of extracting the structural shocks involves simulating the model and computing the time series of rational expectations while ensuring that the zero bound on nominal interest rates is respected. counterfactual analysis to extend beyond the end of the estimation sample in 1995Q4, the analysis assumes that the structural parameters reported in Table 1 remain unchanged thereafter. The analysis also assumes that the implicit inflation target and the natural rate of interest follow their estimated paths up to the end of the estimation sample (1995Q4), and remain at the values they reach i.e., about 1 percent, thereafter. The assumption that the implicit inflation target remains close to 1 percent after 1995Q4 is consistent with the narrative evidence discussed above. To address the possibility that the natural rate of interest declined further after 1995Q4, the analysis is repeated while assuming that the natural rate of interest falls to and remains at -1 percent per year after 1995Q4, and the results of the counterfactual experiements are similar. 27 Similarly, to address the possibility that the interest-rate sensitivity of aggregate expenditure, σ, declined further from the already low estimated value of 0.4, the analysis is repeated with σ reduced by half (σ=0.2). With this smaller value of σ, the improvement in output performance achieved with the alternative interest-rate rules declines but remains substantial.
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Using the derived shocks together with the structural equations of the model replicates the historical time series of all variables.
The behaviour of the real demand shocks entering the IS equation (g t ) over the 1990s suggests that a substantial amount of "bad luck" characterizes the post-bubble period ( Figure  6 ). The negative shocks in the early 1990s can be interpreted as reflecting the decline in investment spending that followed the bursting of the stock-and land-price bubbles in 1991-92.
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The shocks during 1997-99 appear to be associated with the banking crisis, the consumption tax hike, and the effects of the Asian financial crisis. The contractionary shocks starting in 2001 could reflect the recession that started after the collapse of the dot-com bubble in the United States.
The supply shocks entering the aggregate supply equation (z t ) indicate a number of deflationary disturbances starting in the late 1990s. Such supply shocks are interpreted as benign under normal circumstances, reflecting declining markups and firm monopoly power. 30 However, as Laxton, N'diaye and Pesenti (2006) , and Eggertsson (2006a) explain, 27 In particular, for each counterfactual simulation, the improvement in output performance achieved using each of the alternative policy rules does not decline when a natural rate of -1 percent per year after 1995Q4 is assumed. Iwamura, Kudo, and Watanabe (2006) estimate the natural rate of interest based on a reduced-form model along the lines of Laubach and Williams (2003) , and find that during 1996Q1-2006Q1, the natural rate of interest averaged 0.9 percent per year during with a maximum of 2.5 percent per year, and a minimum of -1.8 percent per year. 28 In particular, for each alternative rule, the improvement in output performance remains at more than 75 percent of the improvement achieved using the model with the estimated value of σ=0.4. 29 For a discussion of the bursting of the asset price bubble in Japan, see, for example, Bernanke (2000) . 30 A number of observers attributed part of the deflation observed during the 1990s to supply-side shifts, as documented by Posen (2000) . supply shocks that reduce inflation can, when nominal interest rates are at the zero lower bound, raise real interest rates and thus depress output. Finally, the exogenous interest rate shocks, ε r are close to zero during the 1990s. 
Higher Inflation Target
Having discussed the shocks, I now consider whether different policy rules could have improved macroeconomic performance. The first experiment examines how the economy would have evolved if the implicit inflation target had risen to 4 percent in 1993Q1, with everything else remaining unchanged. Krugman (1998) suggested a 4 percent inflation target for Japan to anchor inflation expectations well above zero and avoid deflation.
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Other things equal, a higher inflation target implies a higher steady-state nominal interest with more room for interest-rate cuts before reaching the zero bound. The estimated decline in the natural rate of interest in the 1990s underlines the need for such a higher inflation buffer. Notes: "Actual" refers to the data-based average inflation in percent per year and cumulative output loss relative to potential in percent of annual potential GDP over 1993Q1-2006Q1. "Higher inflation target" refers to an inflation target of 4 percent per year; "stronger response to output gap" refers to an output response parameter of x φ =1. "Price target" refers to a price-level target with a trend of 1 percent per year.
The results indicate that a 4 percent inflation target would have warded off deflation and prevented zero interest rates during 1993-1995. The increase in inflation from an actual average level of just below zero to a counterfactual average level of 2.6 percent occurs through three channels (Table 2 and Figure 7) . First, the higher inflation target anchors inflation expectations at 4 percent, and this increase in expected inflation translates into higher inflation in line with the forward-looking component of the aggregated supply equation (2). Secondly, in the short run, the increase in inflation expectations reduces real interest rates because the nominal interest rate rises gradually towards its new long-run level. This short-run decline in real interest rates stimulates output for about two years (1993) (1994) (1995) , which in turn raises inflation further relative to the actual path. Finally, the reason that current-quarter inflation averages 2.6 percent rather than 4 percent is that the unexpected shocks to inflation are deflationary over almost the entire period of analysis. Note that because the effect of the shocks on inflation is expected to fade over the four-quarter-ahead forecasting horizon of the central bank, the response of policy interest rates to these shocks is minimal.
However, the associated improvement in output performance is short-lived and small. In particular, the cumulative output loss declines from an actual estimated loss of 22.6 percent of potential GDP to 19.4 percent of potential GDP, equivalent to a reduction of only one seventh. The reason for the limited improvement in output performance appears to be that the additional policy room created by the higher inflation target is not used more vigorously. In particular, the output response coefficient is assumed to remain at the estimated level of 0.09 This first counter-factual policy experiment thus yields an important finding: simply raising the inflation target to 4 percent would not, of itself, have provided much support to output during the "Lost Decade." It also seems interesting to investigate whether a rule that responded more vigorously would have provided sufficient stimulus to avoid the large output losses.
Stronger Output-Gap Response
I now consider the performance of a Taylor rule that responds more vigorously to deviations of output from potential. While the inflation target is assumed to follow the estimated path, the output-response parameter, x φ , rises from the estimated value of 0.09 to a more "activist" value of 1.0 in 1993Q1. 32 This experiment therefore addresses the critique of the Bank of Japan by a number of studies, including Bernanke and Gertler (1999) , that it did not react strongly enough to the deflationary forces at work during the "Lost Decade." 32 Note that a parameter of 1.0 based quarterly interest rates is consistent with a parameter of 4 on annual data, substantially more aggressive than the Taylor (1993) Note: figure reports actual path (solid line) of output gap, inflation, and interest rates, and simulated counterfacual path (dashes).
As Figure 8 illustrates, the counterfactual policy rate now falls faster in 1993, and reaches zero by 1995Q4, about three years before the actual policy rate reached zero.
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This additional monetary stimulus raises output during 1993-97, and inflation also rises above the actual level. After the onset of contractionary shocks in 1997 and 2001, output falls by less, although the policy interest rate-already at the zero bound-cannot respond. The additional stimulus provided during this period works primarily via the expectation that the policy rates will remain at zero for longer than under the estimated rule. Overall, the cumulative output loss with the stronger output response declines to 16 for the sample of analysis, compared to the actual estimated loss of 22.6 percent of potential GDP. This change represents a loss reduction of about 30 percent. In addition, while inflation rises slightly, averaging 0.2 percent per year, the economy still experiences several quarters of deflation.
This counterfactual experiment thus suggests another important result: a policy rule with a stronger response to the output gap but the original low inflation target would have provided a limited degree of stimulus.
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A natural next step thus seems to evaluate a rule that combines the two proposals and has both a higher inflation target and a stronger response to the output gap. Figure 9 reports the results of a counterfactual simulation using a policy rule that has both a higher inflation target of 4 percent, and the stronger output-gap response, 1 = x φ . The higher inflation target again anchors inflation expectations at 4 percent, and provides the central bank greater policy space for cutting interest rates. As before, the announcement of the higher inflation target in 1993Q1 itself stimulates output during the first two years. Inflation also rises towards the 4 percent target during this period.
Higher Inflation Target and Stronger Output-Gap Response
Next, as the contractionary shocks arrive in and after 1997, and again after 2001, the central bank uses the additional policy space for interest-rate cuts. Consequently, following each adverse shock, the simulated path of output rebounds faster than does the actual historical path. Over the whole sample, the cumulative output loss is now only 10.8 percent, less than half the actual estimated output loss. Inflation now averages 2.7 percent per year. This counter-factual experiment thus yields a novel finding: a rule that combined the two policy components-a higher inflation target and a stronger response to the output gapwould have achieved superior stabilization results than any one of the components alone. The intuition for this finding is that the higher inflation target provides the policy space to cut interest rates in response to the deflationary shocks, while the stronger output-gap coefficient provides the "will" to use that additional space vigorously. The magnitude of the price-level response parameter, p φ , is assumed to be the same as the inflation-response parameter, so that 7 . 1 = p φ , implying that an expected 1 percent increase in the price level above the target is associated with a 1.7 percentage-point increase in the policy rate. When the price level is expected to meet its target, the nominal rate equals its neutral rate, equal to the sum of the real natural rate of interest, and the slope of the price trend, * * + t t r π . For simplicity, I assume that there is no interest-rate smoothing, and no additional explicit output-gap response.
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The simulation results suggest that economic performance would have benefited substantially from price-level targeting. As before, the new policy is introduced in 1993Q1 (Figure 10 ). Following the onset of the contractionary shocks, counterfactual output still falls below potential, but the downturn is relatively shallow, and output returns to potential by 1995. During each of the subsequent contractionary shocks, output rebounds more quickly than under the estimated policy rule. In addition, the actual estimated cumulative output loss is now replaced with a cumulative output gain of 1.4 percent of potential GDP. Regarding inflation performance, the average inflation rate is 1.1 percent per year during the sample 38 Assuming an upward trend applies Friedman's (2003) recommendation regarding the Eggertsson-Woodford price-targeting framework. In particular, Friedman emphasized that "it would be a win-win choice to aim for an upward-sloping price trajectory. Doing so would reduce the likelihood of hitting the zero bound on nominal interest rates, and it would improve the functioning of the real economy away from that bound" (Friedman, 2003, p. 217) . Indeed, repeating the simulation while assuming no price-level trend (with 0 = * t π ) reduces the improvement in output relative to the actual data, and reduces the average inflation rate to zero. 39 The specification of price-level targeting used here is similar to that used by Laxton, N'diaye, and Pesenti (2006) . The results are very similar when the policy rule in equation (9) is augmented to include interest-rate smoothing, and when an output-response coefficient ( x φ ) equal to the estimated value of 0.09 is introduced.
period, broadly in line with the targeted price trend. To achieve these results despite the adverse shocks that arrive throughout the simulation sample, the policy interest is held at zero for all but two quarters during 1995Q2-2006Q1.
This final counterfactual simulation therefore yields an interesting result: price-targeting would have delivered more stable macroeconomic performance than a higher inflation target and more vigorous output-gap response combined. This finding therefore contributes the growing literature that endorses explicit or implicit price-level targeting. At the same time, however, while price targeting appears to perfom well in the face of the deflationary shocks considered here, it is worth recognizing a possible concern regarding price targeting in times of high inflation. In particular, as Friedman (2003) emphasizes, price-level targeting implies the need for potentially costly monetary policy contractions following one-time increases in the price level. Given this possible concern, this paper leaves a more comprehensive assessment of price-level targeting to future research. 
IV. CONCLUSION
A number of studies blame the Bank of Japan for making exceptional policy errors that precipitated the economy into a liquidity trap, and ushered in a "Lost Decade." My analysis suggests that the Bank of Japan's interest rate policy fits a forward-looking reaction function with an inflation target that declined over time, reaching about 1 percent in the early 1990s. These results suggest that there was nothing unorthodox about Japanese interest-rate policy.
Next, using an estimated structural model, I identify a number of adverse shocks occurring over the 1990s. It thus follows that monetary policy was not solely responsible for the economy's poor performance. However, the Bank's policy rule had an Achilles' heel. Aiming for a low inflation level and responding to the economy according to a conventional policy rule provided insufficient insurance against the contractionary shocks that occurred over the 1990s.
The counterfactual simulations based on the series of estimated shocks that occurred over the 1990s suggest that a rule that combined (i) a higher inflation target of about 4 percent per year and (ii) a more vigorous response to the output gap would have substantially improved the economy's performance and would have avoided the zero bound on nominal interest rates. Importantly, rules that had only (i) or (ii) would have provided only partial protection against the large deflationary shocks. I also find that a price-level target would have delivered superior stabilization results.
So what lessons does Japan's experience offer for the rest of the world? Following the most severe financial crisis since the Great Depression, and the deepest recession since the Second World War, how can monetary policy help to avoid a new "Lost Decade?" A number of central banks still regard an interest-rate policy that aims for very low inflation, such as 0-2 percent, with all other macroeconomic objectives being secondary.
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Some of these central banks operate in economies that have similar structures to the Japanese economy and have, during the recent crisis, been subject to similar shocks. The results in this paper suggest that such economies may need to take out greater insurance against such shocks by raising their inflation targets and increasing their efforts to stabilize output, or by adopting a form of price-level targeting.
